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WKH KDUG DOOR\ FRDWLQJ RI YDOYH GLVF ZDV EURNHQ E\ FDYLWDWLRQ HURVLRQ 7KXV WKH QXPHULFDO LQYHVWLJDWLRQ RQ
FDYLWDWLRQIORZLQSUHVVXUHUHOLHIYDOYHIRUFRDOOLTXHIDFWLRQLVRIJUHDWVLJQLILFDQFH











6FKQHUU DQG6DXHU >@ VXJJHVWHG WKH FDYLWDWLRQPRGHOV WKDW EDVHG RQ WKH5D\OHLJK3OHVVHW HTXDWLRQ 7KH YDSRU
YROXPHIUDFWLRQLVGHILQHGE\UDWLREHWZHHQWKHYROXPHRIYDSRUDQGOLTXLGLQFRQWUROYROXPHWKHJURZWKDQGWKH









2.1. Continuous phase model 
7KH JRYHUQLQJ HTXDWLRQV IRU WKH FDYLWDWLRQ PRGHO XVHG LQ WKLV SDSHU DUH EDVHG RQ D VLQJOHIOXLG DSSURDFK
UHJDUGLQJWKHPL[WXUHDVRQHIOXLG7KHFRQWLQXLW\DQGPRPHQWXPHTXDWLRQVDUHVKRZQDV(TXDWLRQDQG(TXDWLRQ

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2.2. cavitation model 
7KH FDYLWDWLRQPRGHO HPSOR\HG KHUH LV GHYHORSHG E\ 6FKQHUU	 6DXHU >@ 7KH OLTXLGYDSRUPDVV WUDQVIHU LV
JRYHUQHGE\WKHYDSRUWUDQVSRUWHTXDWLRQ
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2.3. Geometry model and Boundary conditions 
7KHSUHVVXUHUHOLHIYDOYHLQWKLVSDSHULVDQDQJHOW\SHYDOYH7KHIORZFKDQQHOVWUXFWXUHDQGFRRUGLQDWHV\VWHP
DUHVKRZQLQ)LJD7KHRULJLQRIFRRUGLQDWHLVRQWKHYHUWH[RIWKHYDOYHGLVFZLWKWKHYDOYHRSHQLQJRI7KH
IORZHQWHUV LQWR WKHSUHVVXUHUHOLHIYDOYHKRUL]RQWDOO\ WKURXJK WKH LQOHWDQG WKHQGHFRPSUHVVHGE\ WKURWWOHVXUIDFH
ZKLFK LV IRUPHGRIYDOYHGLVF DQGEXVKLQJ DW ODVW IORZV LQWR WKHGRZQVWUHDPRI WKHYDOYH7KHJUDYLW\ LV RQ±\
GLUHFWLRQ$VVKRZQ LQ)LJE WKHYDOYH LVD[LV\PPHWULFVWUXFWXUH7KHKHDGRIYDOYHGLVF LV VSKHULFDODQG WKH
DGMDFHQWSDUWLVHOOLSVHDUFVXUIDFH
7KH SUHVVXUH ERXQGDU\ LV FKRVHQ DV WKH LQOHW DQG RXWOHW FRQGLWLRQ 7KH LQOHW SUHVVXUH LV 03D DQG RXWOHW
SUHVVXUHLV03D1RVOLSZDOOERXQGDU\FRQGLWLRQLVVHWIRUZDOODQGVWHPRIYDOYH7KHYDULDWLRQRIWHPSHUDWXUH













2.4. Discrete method 
7KHQXPHULFDOFDOFXODWLRQRIFDYLWDWLRQIORZLQWKHSUHVVXUHUHOLHIYDOYHLVFRQGXFWHGE\XVLQJWKH)OXHQWVRIWZDUH
7KH FDOFXODWLRQ LV EDVHG RQ0L[WXUHPRGHO WKH FDYLWDWLRQ SKDVH FKDQJH LV VROYHGZLWK 6FKQHUU6DXHU FDYLWDWLRQ
PRGHOZKLFKLVGHULYHGE\FDYLWDWLRQG\QDPLFVHTXDWLRQ7KH51*NİWXUEXOHQWPRGHODQGVWDQGDUGZDOOIXQFWLRQ
DUH XVHG 7KH FRXSOHG SUHVVXUH DQG YHORFLW\ LV VROYHGZLWK WKH 3,62PHWKRG WKH 35(672 IRUPDW LV XVHG IRU
SUHVVXUH LQWHUSRODWLRQ 7KH PRPHQWXP HTXDWLRQ LV GLVFUHWL]HG E\ VHFRQGRUGHU XSZLQG PHWKRG DQG WKH YROXPH
IUDFWLRQLVGLVFUHWL]HGE\48,&.PHWKRG
1XPHULFDOPHWKRGVYDOLGDWLRQ






7KHDSSOLFDELOLW\RI WKHFDYLWDWLRQPRGHOXVHG LQ WKLVVWXG\ LVYDOLGDWHGE\FRPSDULQJVLPXODWLRQRI IORZILHOG
ZLWKH[SHULPHQWGDWDRI5RRVHQHWDO>@7KHH[SHULPHQWLVFRQGXFWHGZLWKDWZRGLPHQVLRQDOFRQYHUJHQWQR]]OH
ZKRVH JHRPHWU\ RI IORZ ILHOG LV VLPLODU WR WKH FRQYHUJHQW VWUXFWXUH RI WKH SUHVVXUH UHOLHI YDOYH 7KH 3,9
PHDVXUHPHQWWHFKQRORJ\LVXVHGWRREWDLQWKHGLVWULEXWLRQRIYDSRUDQGOLTXLGSKDVH7KHJHRPHWU\PRGHOERXQGDU\
FRQGLWLRQV DQGPHVK DUH VKRZQ LQ )LJ D DQG E 7KH WHVW VHFWLRQ LV D VTXDUH FKDQQHOZLWK VL]H RI hh
PP7KH QXPHULFDO DSSURDFKHV GHVFULEHG DERYH DQG WKH VDPH FRQGLWLRQV DV WKH H[SHULPHQWDO FRQGLWLRQV DUH
XVHG IRU VLPXODWLRQV:KHQ WKH LQOHW SUHVVXUH 3LQ 03D RXWOHW SUHVVXUH 3RXW  03D WKHZDWHU LV DW QRUPDO
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WHPSHUDWXUH WKH QXPHULFDO UHVXOWV RI YDSRU YROXPH IUDFWLRQ DQG H[SHULPHQW GDWD DUH VKRZQ LQ)LJ D DQG E
UHVSHFWLYHO\7KHFDOFXODWHGFDYLWDWLRQOHQJWKLVDSSUR[LPDWHPPZKLFKDJUHHVZHOOZLWKH[SHULPHQWUHVXOWV,W








3.2. Grid independent verification 
7KHJULGTXDQWLWLHVZLWKWKHYDOYHRSHQLQJRILVPLOOLRQDHQFU\SWLRQRIPHVKLVDSSOLHGLQWKHUHJLRQRI
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5HVXOWDQGGLVFXVVLRQ
7KH IORZ ILHOG LQ WKHSUHVVXUH UHOLHIYDOYHFKDQJHVDV WKHYDULDWLRQRIRSHQLQJ WKHQRUPDORSHQLQJGXULQJ WKH
LQLWLDOVWDJHRISUDFWLFDORSHUDWLRQLVEHWZHHQa7KXVWKHIORZFRQGLWLRQVDUHFRPSDUHGIRURSHQLQJǃ
DQGLQWKHIROORZVWXG\
4.1. Pressure comparison of different opening 
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4.2. Phase fraction comparison of different opening 
)LJXUH  VKRZV WKH FRQWRXUV RI OLTXLG YROXPH IUDFWLRQ DQG WKH VWUHDPOLQH RI PL[WXUH VHH )LJ D XQGHU
GLIIHUHQWRSHQLQJ7KHSUHVVXUHGHFUHDVHVDV WKHVSHHG LQFUHDVHVZKHQ WKH OLTXLGIORZWKURXJKWKH WKURWWOH UHJLRQ












4.3. Backflow velocity comparison of different opening 
7KHEDFNIORZLQIURQWRIWKHGLVFLVWKHVLJQLILFDQWIDFWRUWKDWLQIOXHQFLQJWKHFDYLWDWLRQHURVLRQDQGZHDUZKLFK
DUHFDXVHGE\EXEEOHVDQGVROLGSDUWLFOH LPSDFW7KH[GLUHFWLRQYHORFLW\FRPSRQHQWRQ WKHFHQWUHOLQH LQ IURQWRI
GLVFLVXVHGWRDQDO\]HWKHUHJLRQDQGYHORFLW\RIEDFNIORZ)LJVKRZVWKH[GLUHFWLRQYHORFLW\FRPSRQHQWZLWK
GLIIHUHQWRSHQLQJ,QRUGHUWRJHWGLVWLQFWFRPSDULVRQWKHFRRUGLQDWHV\VWHPLVPRYHGDORQJ[D[LVWRWKHYHUWH[RI
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GLVF WR DQDO\]H WKH UHJLRQ DQG YHORFLW\ RI EDFNIORZ WKDW UHODWLYH WR YDOYH GLVF 7KH SRVLWLYH YDOXH RI YHORFLW\





























4.4. Influence of inlet pressure decrease 
7KHDFWXDORSHUDWLQJRSHQLQJRILVVHOHFWHGWRLQYHVWLJDWHWKHYDULDWLRQRISKDVHIUDFWLRQXQGHUGLIIHUHQWLQOHW
DQGRXWOHWSUHVVXUH
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4.5. Influence of outlet pressure increase 
0DLQWDLQ WKH LQOHWSUHVVXUHRI03DDQG LQFUHDVH WKHRXWOHWSUHVVXUH IURPRSHUDWLQJSUHVVXUH WR03DDQG
03D UHVSHFWLYHO\ DQG WKHQ DQDO\]H WKH LQWHUQDO IORZRISUHVVXUH UHOLHI YDOYH)LJ  VKRZV FRQWRXUVRI OLTXLG
YROXPHIUDFWLRQ$VWKHRXWOHWSUHVVXUHLQFUHDVHGWKHGHJUHHRIFDYLWDWLRQLVUHGXFHGJUHDWO\ZKLOHFRPSDULQJZLWK
WKH)LJD
%DVHG RQ WKH QXPHULFDO SUHGLFWLRQ RI FDYLWDWLRQ IORZ LQ SUHVVXUH UHOLHI YDOYH LW LV IRXQG WKDW FDYLWDWLRQ
SKHQRPHQRQZRXOGEHJUDGXDOO\UHGXFHGLQGLIIHUHQWGHJUHHVZLWKXQLODWHUDOLQFUHDVHRIRXWOHWSUHVVXUHRUXQLODWHUDO






,Q WKLV SDSHU WKH WKUHH GLPHQVLRQDO FDYLWDWLRQ IORZ ILHOG RI SUHVVXUH UHOLHI YDOYH LV FDOFXODWHG E\ WKH
HVWDEOLVKPHQWRIFDYLWDWLRQVROYLQJPRGHODQGDFWXDOSDUDPHWHUVRIPHGLXP$QGWKHFDYLWDWLRQIORZFKDUDFWHULVWLFLV
DQDO\]HG7KHUHVXOWVSURYH WKDW WKHUHH[LVWV VHYHUHFDYLWDWLRQDW WKH UHJLRQRIGRZQVWUHDPEXVKLQJDQG WKHYDOYH
GLVFWKHSUHVVXUHJUDGLHQWDQGEDFNIORZWRZDUGWKHKHDGRIGLVFDUHREWDLQHG&DYLWDWLRQEXEEOHVDUHWUDQVSRUWHGWR
WKHVXUIDFHRIYDOYHGLVFXQGHUWKHDFWLRQRIEDFNIORZDQGWKHQFROODSVHDQGFDXVHFDYLWDWLRQHURVLRQ7KHUHJLRQ








>@ -3 =ZDUW*$*HUEHU$%HODPUL$ WZRSKDVHPRGHO IRU SUHGLFWLQJ FDYLWDWLRQ G\QDPLFV ,&0) ,QWHUQDWLRQDO&RQIHUHQFH RQ
0XOWLSKDVH)<RNRKDPD-DSDQ
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